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1
a-AMINOBORONIC ACID PEPTIDES

BACKGROUND OF THE INVENTION

This invention relates generally to enzyme inhibitors,
and particularly to a new class of peptide inhibitors of
proteolytic enzymes.

Proteases are enzymes which cleave proteins at sin-
gie, specific peptide bonds. Cuypers, et al., J. Biol
Chem. 257:7086 (1982), and the references cited therein,
classify proteases on a mechanistic basis into four
classes: serine, cysteinyl or thiol, acid or aspartyl, and
metalloproteases. Members of each class catalyze the
hydrolysis of peptide bonds by a similar mechanism,
have similar active site amino acid residues, and are
susceptible to class-specific inhibitors. For example, all
serine proteases that have been characterized have an
active site serine residue, and are susceptible to inhibi-
tion by organofluorophosphates and substrate-derived
chloromethyl ketones. Metalloproteases are inhibited
by chelating agents. The reactivity of more specialized
inhibitors with individual proteases is, however, highly
dependent upon the structure of the inhibitor, and, in
the case of peptide inhibitors, upon amino acid se-
quence.

Lienhard, in Enzyme Inhibitors as Drugs, Sandler,
ed., (University Park Press, Baltimore, 1980) pp. 43-51,
suggests that boronic acid analogous (I) of certain
amino acids and peptides are likely transition-state ana-

logues, and potentially “extremely potent inhibitors” of
serine and thiol proteases.
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Koehler, et al., Biochemistry 10:2477 (1971), disclose
inhibition of chymotrypsin, a serine protease, by 2-
phenylethaneboronic acid (K;=2.9 mM). Matteson, et
al., J. Am. Chem. Soc. 103:5241 (1981) describe prepa-
ration of (R)-1-acetamido-2-phenylethaneboronic acid
(II) and its use as an inhibitor of chymotrypsin (K;=4

uM).
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Lindquist, et al., Arch. Biochem. Biophys. 160:135
(1974), describe use of 2-phenylethaneboranic acid and
benzeneboronic acid as inhibitors of subtilisin, a bacte-
rial chymotrypsin-like serine protease. Lindquist, et al.,
J. Am. Chem. Soc. 99: 6435 (1977), disclose synthesis of
N-benzoylaminomethaneboronic acid, and use of the
latter compound as a potent, competitive inhibitor of
a-chymotrypsin (K;=1-4 uM). However, Matteson, et 65
‘al.,, J. Am. Chem. Soc. 103:5241 (1981) suggest that the
compound actually obtained by Lindquist, et al., was
more likely an 1somer, the imido ester*IIl.
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Aberrant proteolysis has been associated with disease
states in man and experimental animals, notably emphy-
sema. Barrett, in Enzyme Inhibitors as Drugs, Sandler,
ed., (University Park Press, Baltimore, 1980) pp.
216-229, and the references cited therein, suggests pos-
sible contributory roles for the human neutrophil serine
proteases, elastase and cathepsin G, in a diverse group
of disease states marked by proteclysis and consequent
tissue destruction. Included are rheumatoid arthritis,
corneal ulcers, and glomerular nephritis. Further, the
tissue damage resulting from bacterial and other para-
sitic infections may be attributable to the activity of
serine proteases of pathogenic origin.

Emphysema is defined by the American Thoracic
Soclety as “an anatomic alteration of the lung charac-
terized by an abnormal enlargement of the air spaces
distal to the terminal nonrespiratory bronchiole, accom-
panied by destructive changes of the alveolar walls.” In
all forms of emphysema the elastic fibers of alveolar
walls are disrupted. Considerable evidence has been.
accumulated for the role of protealysis in disruption of
elastin fibers. Furthermore, this aberrant proteolysis has
been ascribed to a leukocyte serine protease, neutrophil
clastase. Neutrophil elastase is readily accessible to lung
tissue, since neutrophils are sequestered in lung capillar-
ies and connective tissue in response to lung irritants.

Janoff, in Molecular Basis of Biological Processes,
Berhin, et al., eds., (Academic Press, New York, 1978)
pp- 225-239, reviews evidence for the role of neutrophil

- elastase in pathogenesis of emphysema. Emphysema

can be induced in experimental animals by intrapulmo-
nary administration of certain proteases. The severity of
the disease is directly correlated with the elastolytic
titer of the protease mixture instilled, while enzymes
which do not hydrolyze elastin are ineffective. Laurell,
et al., Scand. J. Clin. Lab. Invest., 15:132, (1963), and
Tobin, et al., Br. J. Dis. Chest 77:14 (1983), correlate
ai-antitrypsin (aj-protease inhibitor) deficiency with
incidence of emphysema. Further, Thompson, TIBS
7:349 (1982), reports that 40% of individuals deficient in
ar-antitrypsin die of lung disease. aj-Antitrypsin is a
major protease inhibitor in plasma, and effectively in-
hibits neutrophil elastase, exhibiting a Kggoe ©Of
6.5 10'M—1s—1,

In a continuing search for therapeutic agents useful
for treatment of emphysema, several groups have pre-
pared and tested inhibitors of neutrophil elastase. Pow-
ers, et al., Biochim. Biophys. Acta 485:156 (1977), tested
a number of chloromethyl ketone peptide analogues for
inhibitory capacity. Of the compounds tested, N-
methoxysuccinyl-L-alanyl-L-alanyl-L-prolyl-L-valine
chloromethyl ketone (MeOSuc-Ala-Ala-Pro-
ValCH)Cl) was the most effective inhibitor of neutro-
phil elastase, exhibiting inhibitory activity at a concen-
tration of 25 uM. A related peptidyl chloromethyl ke-
tone, N-acetyl-L-alanyl-L-alanyl-L-prolyl-L-alanine
chloromethyl ketone (Ac-Ala-Ala-Pro-AlaCH,Cl) was
reported by Kleinerman, et al., Am Rev. Resp. Dis.
121:381 (1980) to effectively block experimentally-
induced emphysema in hamsters when administered
intraperitoneally. MeOSuc-Ala-Ala-Pro-ValCH,Cl
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was determined by Janoff, et al.,, Am Rev. Resp. Dis
~121:1025 (1980) to be an effective agent in the treatment
of emphysema in mice when given orally. N-succinyl-
L-alanyl-L-alanyl-L-prolyl-L-valine chloromethyl ke-
tone (Suc-Ala-Ala-Pro-ValCH3,Cl) was effective In
hamsters following intratracheal administration, ac-
cording to Stone, et al., Am. Rev. Resp. Dis. 124:567
(1981). However, as Janoff, et al., supra, note, many
questions regarding the toxicity, immunogenicity, and
carcinogenicity of chloromethyl ketones, which are
alkylating agents, remain unresolved. Furthermore, the
rapid loss of effectiveness of this class of compounds
following administration complicates their use as thera-
peutic agents. For example, the most effective inhibitor
tested by Janoff, MeOSuc-Ala-Ala-Pro-ValCH;Cl, was
ineffective if administered to mice more than fifteen
minutes prior to challenge by intrapulmonary instilla-
tion of elastase. |

Other inhibitors of elastase which are reported in the
chemical and medical literature include certain aza
peptides, disclosed by Powers, et al., Biochem. Biophys.
Res. Comm. 67:639 (1975); trifluoroacetyl peptide chlo-
romethyl ketones, disclosed by Lestienne, et al., J. Biol.
Chem. 254:5219 (1979); certain heterocyclic species
disclosed by Teshima, et al., J. Biol. Chem. 257:5085
(1982); arylsulfonyl fluorides, described by Yoshimura,
et al., J. Biol. Chem. 257:5077 (1982); trifluorome-
thylated dipeptides of formula (IV), disclosed in U.K.
Patent Application 2,040,291A; and certain 2-pyridyl-
1,2-benzisothiazolinone-1,1-dioxide compounds, dis-
closed in Jones et al., U.S. Pat. No. 4,369,183.

IV

CF3CO—Lys—Y=—NH=-(CH3),

Accordingly, new classes of potent mhibitors of ser-
ine and other proteases, characterized by longlasting
inhibitory capacity and low mammalian toxicity, are
potentially valuable therapeutic agents for treatment of
mammalian proteolytic disease states. notably emphy-
sema.

SUMMARY OF THE INVENTION

The present invention provides compounds of the
formula

oY!
/
RI—=[(A%(AD)(AH]—NHCH—B ,

B

0Y?
or a physiologically acceptable salt thereof, wherein

Alis an amino acid of L-configuration selected from
the group consisting of Ala, Pro, Gly, Glu, Leu,
Lys, Phe, Ser, Val, Ile, Arg, Tyr, Thr, Asp, Asn or
Gln;

A? and A° are, independently, amino acids of D or
L-configuration selected from the group consisting
of Ala, Arg, Asn, Asp, Cys, Gln, Glu, Gly, His, ile,
Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr or Val,

n and o are independently O or 1;

R!is —H or an N-terminal protecting group;

R2is an alky!l group of one to six carbons, optionally
comprising an aromatic substituent, or one or more
in-chain bivalent groups selected from the group
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4
consisting of —O—, —CO—, —S—, —NH-—,
—CONH—, —CH=—CH-— or —S0O7—; and

Y! and Y? are each —H, or taken together form a

moiety derived from a dihydroxy compound hav-
ing at least two hydroxy groups separated by at

least two connecting atoms in a chain or ring, said
chain or ring comprising carbon atoms, and option-
ally, a heteroatom or heteroatoms which can be N,
S, or O;

with the proviso that where n or 0 is O, R! cannot be
—H.

The invention also provides compositions comprising
one or more of the foregoing compounds, and methods
of using such compositions in treatment of aberrant
proteolysis and emphysema in mammals.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates plasma levels of elastase inhibitory
capacity in hamsters at various times following intraper-
itoneal administration of MeOSuc-AlaAlaPro-Boroval-
pinacol at 100, 200 and 400 mg/kg dosage levels.

FIG. 2 illustrates plasma levels of elastase inhibitory
capacity in hamsters at various times following intraper-
itoneal administration of MeOSuc-AlaAlaPro-Boroala-
pinacol at 200 mg/kg.

FI1G. 3 illustrates plasma levels of MeOSuc-AlaAla-
Pro-Borophe-pinacol in hamsters following intraperito-
neal administration at 200 mg/kg.

DETAILED DESCRIPTION OF THE
INVENTION

The compounds of the present invention are peptide
derivatives of a-aminoboronic acids, and are character-
ized by unusual potency as inhibitors of certain proteo-
lytic enzymes, notably neutrophil elastase. Each of the
compounds of the invention comprise one or more
amino acids coupled to an acid-terminal a-aminobo-
ronic acid, which can optionally be linked to a boron-
terminal protecting group -—Y !—Y2—, as illustrated by
the foregoing formula.

The nature of the B-terminal protecting group
—Y1—Y2— can vary widely within the scope of the
present invention. Suitable values for —Y!—Y+— in-
clude moieties derived from compounds, principally
diols, having at least two hydroxy groups separated by
at least two connecting atoms in a chain or ring. Con-
templated compounds within the foregoing description
include, for example, pinacol, perfluoropinacol,
pinanediol, ethylene glycol, diethylene glycol, catechol,
1,2-cyclohexanediol, 1,3-propanediol, 2,3-butanediol,
glycerol, diethanolamine and other amino alcohols, and
other equivalents apparent to those skilled in the art.

As used throughout the specification, the following
abbreviations for amino acid residues or amino acids
apply:

Ala=L.-alanine

Arg=L-arginine

Asn=[-asparagine

Asp=L-aspartic acid

Cys=L-cysteine

Gin=L-glutamine

Glu=L-glutamic acid

Gly = Glycine

His=L-histidine

[le=L-1soleucine

Leu=L-leucine

Lys=L-lysine

Met=L-methionine
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Pne=L-phenylalanine

Pro=1I -proline

Ser=L-serine

Thr=L-threonine

Trp=L-tryptophan >

Tyr=L-tyrosine

Val=1[L-valine

Where prefixed by “D-,” the foregoing abbreviations
indicate an amino acid of D-configuration. “N-terminal
protecting group,” as used herein, refers to various
amino-terminal protecting groups conveniently em-
ployed in peptide synthesis. Examples of suitable groups
include acyl protecting groups, for example, formyl,
acetyl (Ac), benzoyl (Bz), trifluoroacetyl, succinyl
(Suc) and methoxysuccinyl (MeOSuc); aromatic ure-
thane protecting groups, for example, benzyloxycarbo-
nyl (£); and aliphatic urethane protecting groups, for
example, tert-butoxycarbonyl (Boc) or adamantylox-
ycarbonyl. Gross and Mienhofer, eds., The Peptides, 5q
Vol. 3, (Academic Press, New York 1981) pp. 3-88,
disclose numerous suitable amine protecting groups.

The following represent preferred N-terminal pro-
tecting groups R!;

10

15

25
Boc = (CH3)3co|c|:—
O

O 30
]

Bz = C—

MeOSuc = CH3OCCH,CH,C— 35

| |
O O
Suc = HO»C(CH3,)»,C—

]
O
40

45

Compounds of the invention having side-chain amino
groups, for example, where Al, A2 or A3 are Lys or
Arg, can optionally comprise suitable N-terminal pro-
tecting groups attached to the side chains; similarly,
amino acld residues having acidic or hydroxy side
chains can be protected in the form of benzyl or other
suitable esters or ethers.

As noted previously, R? refers to an alkyl group of
one to six carbons, which can be straight or branched-
chain. Further, R? can comprise a phenyl substituent, or
optionally, one or more in-chain bivalent moieties se-
lected from the group consisting of —O—, —CO—,

S—, —NH—, —CONH—, —CH=CH-—, or
~—S0;—. Examples of preferred values of R? include ¢,
methyl, 1sopropyl, isobutyl, and benzyl.

Physiologically acceptable salts of the compounds of
the present invention include acid addition salts, for
example, hydrochloric, acetic, trifluoroacetic, succinic,
citric, or other suitable acid addition salts.

Abbreviations and terms prefixed by ‘“boro-" indicate
amino acids wherein the terminal carboxyl group
—CO,H has been replaced by a boronic functionality

50

35

63

oY
/
—B(OH); or ~—B

QY2

Thus, “borovaline” refers to the boronic acid analogue
of valine, “borophenylalanine™ or “borophe” refers to
the boronic acid analogue of phenylalanine, etc. In
naming compounds of the invention, the protective
group —Y!—Y2— is simply identified by the name of
the compound from which the group is derived, for
example, pinacol or diethanolamine.

Contemplated classes of compounds within the scope

~of the present invention include the following. A first

class includes compounds wherein Al is Ala, Pro, Gly,
Val, Leu or Ile. A second class includes compounds
wherein Al is Phe or Tyr. A third class includes com-
pounds wherein Al is Lys or Arg, and a fourth class
includes compounds wherein Al1is Ser or Thr. Finally,

~a fifth class includes compounds wherein Al is Asp,

Glu, Asn or Gln.

The foregoing principal classes include subclasses
corresponding to preferred values of R2, and these sub-
classes are further subtended into groups defined by
preferred values for N-terminal protecting group R1.

Obvious equivalents of the foregoing compounds
include compounds comprising less common or modi-
fied amino acids, for example, norleucine, hydroxypro-
line, or other derivatives capable of incorporation into
the a-aminoboronic acid peptides of the present inven-
tion.

Specific compounds within the scope of the inven-
tion, named in accordance with the conventions de-
scribed above, include the following examples:
MeOSuc-AlaAlaPro-Borovai-OH,
MeOSuc-AlaAlaPro-Borophe-OH,
MeOSuc-AlaAlaPro-Boroala-OH,
MeOSuc-AlaAlaPro-Boroval-pinacol,
MeOSuc-AlaAlaPro-Borophe-pinacol,
MeOSuc-AlaAlaPro-Boroala-pinacol,
MeOSuc-AlaAlaPro-Boroala-diethanolamine,
MeOSuc-AlaAlaPro-Borophe-diethanolamine,
Z-PheGlyAla-Boroleu-OH,
Z-PheGlyAla-Boroleu-pinacol,
Z-PheGlyAla-Borophe-OH,
Boc-PheGly-Boroleu-pinacol,
Boc-PheGly-Boroleu-diethanolamine,
Boc-Ala-Boroala-pinacol,

Boc-Gly-Boroleu-pinacol,
Boc-Gly-Boroleu-diethanolamine,
Boc-PhePro-Borophe-pinacol,
MeOSuc-PheGlylLeu-Boroleu-pinacol,
Boc-D-PhePro-Boroval-pinacol,
MeOSuc-AlaAlaPro-Boroile-pinacol,
Z-PheglyPhe-Boroval-pinacol,
Z-PheGlyGlu(OBzl)-Boroval-pinacol,
Z-PheGlyLeu-Boroval-pinacol,
Z-PheGlyLeu-Boroval-diethanolamine,
Z-PheGlyLys(Boc)-Boroval-pinacol,
MeOSuc-Lys(Z)-AlaPro-Boroval-OH,
Z-PheProAla-Boroval-pinacol,
H-PheGlyGlu-Boroval-pinacol,
MeOSuc-PheGlyGlu-Boroval-pinacol,
H-PheGlySer-Boroval-pinacol,
MeOSuc-PheGlySer-Boroval-pinacol, and
Z-PheGlySer(OBzl)-Boroval-pinacol.
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On the basis of superior capacity to inhibit neutrophil
elastase, the compounds of the invention wherein Al is
Pro and A2 and A3 are each Ala are preferred. Of these

compounds, those in which the aminoboronic acid resi-

due is borovaline, borophenylalanine, boroisoleucine,
or boroalanine are most preferred.

PREPARATION: STARTING MATERIALS

Starting materials employed in synthesis of the com-
pounds of the invention include N-protected peptides,
which can be purchased from chemical suppliers, or
prepared by methods well-known to those skilled in the
art. In addition, esters of a-aminoboronic acids (In
amine salt or free amine form) are required, which can
be prepared according to the following procedure,
which is a modification of the procedures disclosed by
Matteson, et al., J. Am. Chem. Soc. 103:5241 (1981).

A. The first step in the synthesis of a-aminoboronic
acid esters is a Grignard reaction. An alkyllithium, aryl-
lithium, alkaryllithium, or aralkyllithium Grignard rea-
gent is reacted with one equivalent of a trialkylborate,
preferably triethylborate, forming a boronic acid 1.

OH I

/
R—B
N\
OH

The organometal Grignard reagent is prepared either
by treating an alkyl, aryl, alkaryl, or aralkyl halide with
lithium in a suitable solvent, e.g., ether or tetrahydrofu-
ran, or purchased from commercial sources. The reac-
tion of triethylborate and Grignard reagent 1s con-
ducted at about —72° C. by simultaneous addition of
these two reagents to a flask containing ether at about
--72° C. Other solvents, e.g., tetrahydrofuran, can be
used instead of ether. This procedure is substantially
similar to that disclosed by Rabjohn, ed., Organic Syn-
thesis (Wiley, New York, 1963) Coll. Vol. 1V, pp.
68-72.

B. The second step in this sequence of reactions 1s an
esterification reaction. Boronic acid 1, prepared in Step
A, can be isolated for esterification, or, in the alterna-
tive, employed without isolation. Esterification 1s con-
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ducted by treating boronic acid 1, dissolved in ether or 45

other suitable inert solvent, with one or more equiva-
‘lents of pinacol or other suitable dihydroxy compound
selected from the group previously described. This
reaction can be conducted at ambient temperatures for
1 to 16 hours, yielding boronic acid ester 2.

OY! 2

/
R—B
AN
0Y?

C. This step, a homologation reaction, 1s conducted
by treating boronic ester 2 with about one equivalent of
(dichloromethyl)lithium, at about —72° C. in dimeth-
oxyethane, tetrahydrofuran, an alkyl ether, or other
suitable solvent, providing a-chloroboronic ester 3.
(DichloromethyDlithium can be generated by reacting
dichloromethane with lithium diisopropylamide, or
other suttable amide, e.g., sodium dialkylamide. Lith-
ium diisopropylamide is prepared by treating diisopro-
pylamine with n-butyllithium 1n hexane in the presence
of small amounts (ca 19% by weight) of tetrahydrofuran.
Other amides are prepared by treating corresponding

50
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60
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secondary amines with an alkyl metal or metal hydride
in a suitable solvent. This step cannot be conducted
using compounds 2 containing active hydrogen, e.g.,
where —Y!1—Y2— is —(CH,):NH(CH3),—, without
first blocking or protecting active hydrogens.

Cl oyl
A/ )
R™ B
N

QY2

D. In this step, the a-chlorine atom of compound 3 is
displaced with lithiohexamethyldisilizane, yielding a
silylated intermediate 4. The displacement 1s conducted
by reacting compound 3 with one equivalent of lithi-
ohexamethyldisilazane in tetrahydrofuran at —72° C,,
followed by stirring the mixture for about 16 hours at 7
days at ambient temperatures. Other metals can be used
in place of lithium, and other solvents, such as alkyl,
ethers, are suitable. Lithiohexamethyldisilazane 1s pre-
pared by treating a corresponding amine, hexamethyldi-
silazane, with n-butyllithium in tetrahydrofuran at
about 0° C. Other disilazanes can be generated by treat-
ing corresponding amines with an alkyl metal or a metal
hydride in an inert solvent at about 0° C. to about 23" C.
This procedure has been previously described by

Matteson, et al., J. Am. Chem. Soc. 103:5241 (1981).

RIR I0R 11 4

R6R7R8
/ /
Si Si
N/

N oyl
7 )
R B

N\
OY?

E. In this step, silylated compound 4 is treated with
three or more equivalents of trifluoroacetic acid in ether
at 0° C., yielding a trifluoroacetic acid salt, which 1s a
suitable starting material for synthesis of the a-
aminoboronic acid peptides of the instant invention.
The trifluoroacetic acid salt can be converted to a free
amine by treatment with a base, e.g., alkali metal or
alkaline earth metal carbonates or hydroxides, in aque-
ous solutions or organic/aqueous mixtures, e.g.,
ethanol/water or methanol/water mixtures.

PEPTIDE SYNTHESIS

Preparation of the a-amioboronic acid peptides of the
present invention is illustrated by the following syn-
thetic scheme, in which a pinacol ester of an a-
aminoboronic acid is employed as a starting reagent.

Synthetic Scheme

T I
(ﬁ) CH3N O gl A—-C\
RIACO,H + .-Buocc1—\-—/——> 0
/

i-BuO—C

|

0
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-continued
_Synthetic Scheme
0
/ C~Hs)3N
6 ~ NH;(I:HB CF;COZH(—% 5
AN
RZ 0
5
O O 10
I /
RIA—C~NHCHB
I2 N
R O
.
15
O O
| /
RIA—C—NHCHB + (HO(CH3)2);NH—>
| N
R 2 0O
7 (pinacol) 20
Q O
| -
RIA—C——NH(IJHB - NH
'l-\
R2 O\} 25
7 {(diethanolamine)
O OH
{ /
7 + Resin-SO3H——>R1A—-C—NHCHB 30
(diethanolamine) - SN
R? OH
8

To prepare the peptides of the present invention, an
N-protected peptide is first treated with isobutyl chlo-
roformate, to generate a mixed peptideisobutyric acid
anhydride (6). An analogous procedure is disclosed by
Anderson, et al,, J. Am. Chem. Soc. 89:5012 (1967).
Mixed anhydride 6 is subsequently coupled to a pinacol
ester of an a-aminoboronic acid (in either amine salt or
free amine form) in the presence of a base, e.g., triethyl-
amine, generating an a-aminoboronic acid peptide ester
7. Pinacol esters of a-aminoboronic acid trifluoroacetic
acid salts are conveniently employed due to ease of
synthesis and handling. However, other ester/salt com-
binations can also be employed in the coupling reaction.

By-product saits of the coupling reaction are re-
moved by filtration, and the pinacol (or other ester)
peptide can be further purified by chromatography on
stlica gel using a suitable solvent, for example, chloro-
form, 1-3% methanol in chloroform, or a mixture of
methanol and methylene chloride. Product peptide
esters 7 can be isolated by trituration with hexane or

crystallization from chloroform/hexane or ethyl aceta-
te/hexane.

Pinacol (or other ester) peptides 7 can be converted
to corresponding diethanolamine derivatives by treat-
ment with 2-4 equivalents of diethanolamine in anhy-
drous tetrahydrofuran. Other esters can be generated by
substitution of appropriate materials. The diethanol-
amine derivatives are usually crystalline. However,
trituration of non-crystalline products with ether will
generally yield a solid. Fractional crystallization of the
diethanolamine derivatives can be employed to separate
diastereomers, e.g. MeOSuc-AlaAlaPro-D-boroPhe-
OH and MeOSuc-AlaAlaPro-L-boroPhe-OH.

Pentides 8 containing a free boronic acid functional-
1ty can be generated by two routes from the previously
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10

described diethanolamine or other ester derivatives.
First, readily water-soluble species are treated with an
excess of a cation exchange resin in protonated form in
water, followed by lyophilization. Suitable resins are
available from commercial sources. Second, lipophilic
species can be treated with a mixture of methanol:aque-
ous HCI (3:2, V/V), followed by ethyl acetate extrac-
tion and removal of solvent.

UTILITY

The a-aminoboronic acid peptides of the present
invention represent a novel class of potent, reversible
inhibitors of metallo, acid, and serine proteases. Exam-
ples of the serine proteases inhibited by compounds

~within the scope of the invention include leukocyte
neutrophi! elastase, a proteolytic enzyme implicated in

the pathogenesis of emphysema; chymotrypsin, a diges-
tive enzyme; pancreatic elastase; and cathepsin G, a
chymotryspin-like protease also associated with leuko-
cytes. Inhibition of thermolysin, a metalloprotease, and
pepsin, an acid protease, has also been demonstrated for
compounds within the scope of the present invention:
As noted previously, a number of compounds have
been prepared and tested for the ability to inhibit neu-
trophil elastase, in a continuing effort to develop thera-
peutic agents useful in treatment of emphysema in mam-
mals. The most potent peptide inhibitors reported in the
literature are certain chloromethyl ketone peptide ana-
logues, disclosed by Powers, et al., Biochim. Biophys.
Acta 485:156 (1977). These compounds have been re-
ported to inhibit neutrophil elastase at a concentration
of 25 uM. Several of the compounds of the present
invention are analogues of chloromethyl ketone pep-
tides previously reported; however, certain compounds
of the invention have been demonstrated to inhibit neu-
trophil elastase at concentrations of 5-10 nM. Thus, the

- compounds disclosed herein are at least two to three

orders of magnitude more reactive than the peptide
inhibitors of corresponding amino acid sequence previ-
ously reported. This increased inhibitory capacity sug-
gests that the compounds of the invention represent
more efficient therapeutic agents for in vivo administra-
tion to mammals. | |

The compounds of the invention can be administered
intravenously, intramuscularly, intraperitoneally, or
subcutaneously to a mammal, following dispersal or
solution in a pharmaceutically suitable diluent or vehi-
cle. The compounds of the invention have been shown
to possess longer-lasting inhibitory activity after admin-
1stration, which 1s a desirable property in view of the
short time-spans of inhibitory activity of compounds
reported in the literature.

Additional uses for compounds of the invention in-
clude analysis of commercial reagent enzymes for ac-
tive site concentration. For example, chymotrysin is
supplied as a standard reagent for use in clinical quanti-
tation of chymotrypsin activity in pancreatic juices and
feces. Such assays are diagnostic for gastrointestinal and
pancreatic disorders. Pancreatic elastase is also supplied
commercially as a reagent for quantitation of aj-anti-
trypsin in plasma. Plasma aj-antitrypsin increases in
concentration during the course of several inflamma-
tory diseases, and aj-antitrypsin deficiencies are associ-
ated with mcreased incidence of lung disease. Com-
pounds of the present invention can be used to enhance
the accuracy and reproducibility of this assay by titra-



4,499,082

11

metric standardization of the commercial elastase sup-
plied as a reagent.

Finally, protease activity in certain protein extracts
during purification of particular proteins is a recurring
problem which can complicate and compromise the
results of protein isolation procedures. Certain pro-
teases present in such extracts can be inhibited during

purification steps by compounds of the invention,

which bind tightly to various proteolytic enzymes.
The examples which follow illustrate particular em-
bodiments of the invention. In the examples, “cold tet-
rahydrofuran™ refers to tetrahydrofuran chilled in a
dry-ice bath for 5-15 minutes. All percentages reported
are by weight unless otherwise indicated, and all melt-
ing points are uncorrected. All temperatures are re-
ported in degrees Celsius. Proton nuclear magnetic
resonance {({H NMR) chemical shifts are reported in &
- units, parts per million downfield from internal tetrame-
thylsilane standard. Various abbreviations employed 1n
the examples include TL.C, for thin-layer chromatogra-
phy; MS, for mass spectrometry; FAB, for tast-atom
bombardment; and CI, for chemical ionization.

Example 1: Z-PheGlyAla-Boroleu-pinacol

N-hydroxysuccinamide ester of Z-Phe-OH (4.5 g.
11.4 mmoles) was dissolved in 5 mL of dioxane and was
added to a solution consisting of H-GlyAla-OH (1.85 g.
12.6 mmoles) and triethylamine (2.64 mL, 18.9 mmoles)
~in 5 mL of H;O. The ensuing reaction was complete
after 3 hours. After standing at 4° for 3 days, the result-
ing solution was diluted with 100 mL of 0.2N HCI, and
the resulting solid was extracted into ethyl acetate. The
organic phase was washed with 0.2N HCI and then with
saturated aqueous NaCl containing 0.2N HCI. A solid
was obtained after evaporating the organic phase. This
was recrystallized from methanol:ethyl acetate (1:1,
V/V) to yield a first crop (0.93 g, 2.2 mmoles, mp
171.5°~173°) and a second crop (2.75 g, 6.4 mmoles, mp
171.5°-172.5°). First and second crops: 'H NMR (90
MHz, C2DeSO): 6 1.3 (d, 3H), 2.9 (mm, 2H), 3.8 (m, 2H),
4.0-4.6 (m, 2H), 4.9 (s, 2H), 7.3 (s, 10H).

Z-PheGlyAla-OH (0.653 g, 1.53 mmoles) and N-
methylmorpholine (0.168 mL, 1.53 mmoles) were dis-
solved in tetrahydrofuran (10 mL) and were allowed to
react with isobutyl chloroformate (0.199 mL, 1.53
mmoles) for 5 minutes at —20°. Cold tetrahydrofuran
(10 mL) and triethylamine (0.213 mL, 1.53 mmoles)
were added and the resulting mixture was added to
H-Boroleupinacoletrifluoroacetate (0.50 g, 1.33
mmoles), dissolved in cold tetrahydrofuran (10 mL).
This reaction mixture was stirred for approximately 1
hour at —20° and then for about 1-2 hours at 23°. At
this point, the reaction mixture was filtered and the
filtrate was evaporated. The rematning residue was
dissolved in CHCIl3 and then applied to a 2 cm column
containing 5 g of silica gel, previously equilibrated with
CHCIl3. The column was sequentially eluted with
CHCl3, 1% methanol:CHCIl3; and 2% methanol:CHCl3
(V:V). Fractions containing desired product, as deter-
mined by 'H NMR spectroscopy, were pooled and
evaporated. Product was crystallized from CHCl3:hex-
ane (dissolved in CHCI; and hexane added to the cloud
point), isolated, and washed with hexane to yield a solid
(0.28 g; 0.45 mmole, mp 97°-98.5%). Thin-layer chroma-
tography (TLC) in methanol:CHCI3 (V:V, 1:9) on silica
gel indicated a single spot, Rf. 0.48. 'H NMR (360 MHz,
CDClI3): 6 0.875 (m, 6H), 1.21 (s, 12H), 1.38 (m, SH),
1.675 (hept, J=7 Hz, 1H), 2.85-3.03 (m, 2H), 3.1-3.25
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(m, 1H), 3.7-3.95 (m, 2H), 4.4 (m, 1H), 4.63 (br., 1H),
5.02 (q, J=12 Hz, 2H), 7.1-7.35 (br., 13H). Anal. Calcd.
for Ci3H47N4O7B: C=63.65%, H=7.62%, N=9.00%,
and B=1.749%,. Found: C=63.96%, H=7.70%,
N=9.12%, and B=1.58%.

Example 2: Z-PheGlyAla-Boroleu-OH

Z-PheGlyAla-Boroleu-pinacol  (0.210 g. 0.337
mmoles) was dissolved in tetrahydrofuran (2 mL) and
diethanolamine (0.053 g, 0.506 mmoles) dissolved 1n
tetrahydrofuran (0.88 mL) was added. After the result-
ing mixture was stirred overnight at room temperature,
a white precipitate formed which was i1solated by filtra-
tion and washed with tetrahydrofuran to yield a dieth-
anolamine derivative (0.128 g) as an amorphous prod-
uct. The filtrate was concentrated to yield additional
product (0.053 g).

After removal of a 20 mg sample, the remaining di-
ethanolamine derivative was dissolved in a mixture of
methanol (3 mL) and 1.0N HCI (2 mL). The solution
was stirred for 30 minutes at room temperature. Ethyl
acetate (50 mL) was added and the resulting organic
phase was washed with 0.2N HCI] and saturated aque-
ous NaCl. The organic phase was dried over anhydrous
NazSQs4, filtered, and evaporated to yield a residue
(0.082 g). It was triturated with hexane to yield a white
powder (0.072 g, 0.13 mmole). TLC in butanol:acetic
acid:water (V:V, 4:1:1) on silica gel indicated a single
spot, Rf. 0.38. 1H NMR (360 MHz, CDCl3): 6 0.75-0.95
(br., 6H), 1.2-1.45 (br., 5H), 1.5-1.65 (br., 1H), 1.85-2.1
(br., 1H), 2.7-3.05 (br., 2H), 3.1-3.2 (br., 1H), 3.6-4.1
(br., 2H), 4.4-4.7 (br., 2H), 4.9-5.1 (br., 2H), 7.1-7.35
(br., 13H); MS (FAB): (m/z+thioglycerol) 613. Anal.
Calcd. for Ci7H37N407B: C=60.00%, H=06.91%,
N=10.37%, and B=2.00%. Found: C=60.17%,
H=6.90%, N=10.45%, and B=2.01%.

Example 3: MeOSuc-AlaAlaPro-Boroval-pinacol

A mixed anhydride of Boc-Ala-OH was prepared by
reacting Boc-Ala-OH (10 g, 52.8 mmoies) with N-
methylmorpholine (5.80 mL, 52.8 mmoles) and isobutyl
chloroformate (6.8 mL, 52.85 mmoles) for 5 minutes in
50 mL of tetrahydrofuran at —20°. The reaction mix-
ture and additional N-methylmorpholine (5.8 mL) were
added to H-Pro-Obzle HCI] dissolved in 50 mL of coid
CHCl;. After this mixture was stirred for 1 hour at
—20° and 2 hours at 23°, it was filtered and the filtrate
evaporated. The residue was dissolved in ethyl acetate
and was washed sequentially with 0.2N HCI, 5% NaH-
CO3, and saturated aqueous NaCl. The solvent was
evaporated to yield Boc-AlaPro-OBzl as an o1l (14.1 g).

H-AlaPro-OBzleHCl was prepared by dissolving
Boc-AlaPro-OBzl (14 g, 37.5 mmoles) in 100 mL of
ethyl acetate and bubbling anhydrous HCI through the
resulting solution for 30 minutes at 0°, This mixture was
stirred for 1 hour at 23° and solvent was evaporated to
yield solid (14.9 g) H-AlaPro-OBzle HCL.

Boc-Ala-OH (11.5 g, 48.4 mmoles) was coupled to
H-AlaPro-OBzle HCl (14.9, 47.8 mmoles) by proce-
dures substantially similar to those described above for
the preparation of Boc-AlaPro-OBzl, yielding a foam,
22 g. This product crystallized from ethyl acetate to
yield Boc-AlaAlaPro-OBzl (7.8 g, mp 120°-121°) 1n the
first crop and 11.1 g (mp 111°~117°) in a second crop.
First crop-Anal. Caled. for Ciy3H3iiN3Og (mp
120°-121°): C=61.71%, H=7.45%, N=9.39%. Found:
C=61.74%, H=7.56%, and N=9.46%.
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MeOSuc-AlaAlaPro-OBzl was prepared by reacting
Boc-AlaAlaPro-OBzl (11.5 g) with trifluoroacetic acid
tor 15 minutes at 23°, Trifluoroacetic acid was evapo-
rated, and the resulting residue was treated with anhy-
drous HCI as described for the preparation of H-Ala-
Pro-OBzle HCl. Solvent was evaporated, and the resi-

due was triturated with ether to yield H-AlaAla-Pro-

OBzleHC] as a white solid (9.9 g). H-AlaAlaPro-
OBzieHCI (3.78 g, 9.86 mmoles) and the N-hydroxy
succinamide ester of methyl succinate, MeOSuc-OSu
(2.26 g, 9.86 mmoles) were dissolved in tetrahydrofuran
(I5 mL). A suspension of NaHCO; (1.66 g, 19.7
mmoies) i 2.5 mL of H»O was added and the resulting
solution was stirred at room temperature for 2 hours.
Solvent was evaporated and the remaining residue was
dissolved in ethyl acetate and was washed with 0.2N
HCl and 5% NaHCOj3 (both solutions were prepared in
saturated NaCl) and with saturated aqueous NaCl.
After drying the organic phase over anhydrous Nas.
SOy, filtering, and concentrating by evaporation, 3.4 g
of crystals (mp 122°-123°) were obtained. Anal. Calcd.
for Coz3H31N307: C==59.849%,, H=6.78%, N=9.11%.
Found: C=59.80%, H=6.68%, and N=9.12%.
MeOSuc-AlaAlaPro-OH was prepared by hydroge-
nation of MeOSuc-AlaAlaPro-OBzl in the presence of a
palladium catalyst. The benzyl ester (4.5 g, 9.7 mmoles)
was dissolved in 100 mL of methanol and was hydroge-
nated for 1 hour in the presence of 0.5 g of 10% Pd/C
in a Parr apparatus. Catalyst was removed and solvent
evaporated to yield a foam (3.4 g), which was crystal-
lized from ethyl acetate to yield 2.8 g (7.3 mmoles, mp
144°-146°) of MeOSuc-AlaAlaPro-OH, 'TH NMR (90
MHz, C;D¢SO): 6 1.17 (d, 6H), 1.6-2.3 (m, 4H), 2.5
(m+ DMSQO, 4H), 3.3-3.8 (s, m, SH), 4.0-4.6 (m, 3H),
7.83-8.17 (m, 2H). Anal. Calcd. for Ci7H>5N307:
C=51.73%, H=6.80%, N=11.63%. Found:
C=351.72%, H=6.92%, and N=11.13%.
MeObSuc-AlaAlaPro-OH (4.10 g, 11.05 mmoles) was
dissolved in tetrahydrofuran (35 mlL), activated, and
coupled to H-Boroval-pinacolstrifluoroacetate (3.46 g,
11.05 mmoles) dissolved in tetrahydrofuran (15 mL) by
a procedure substantially similar to that described for
Z-PheGlyAla-Boroleu-pinacol (Example 2.) After fil-
tration and evaporation of the reaction mixture, the
resulting residue was dissolved in CHCI3 and applied to
a 3 cm column containing 30 g of silica gel previously
equilibrated with CHCli. Product was eluted with
CHCIl3 and triturated with hexane to yield a white pow-
der (3.56 g, 644 mmoles). Anal. Calcd. for
Ca6HasN4OgB: C=56.519%, H=28.23%, N=10.14%,
and B=196%. Found: C=56.27%, H=8.21%,
N=9.97%, and B=2.15%. Material prepared in a sub-
stantially similar experiment (E£30833-8) gave IH NMR
(360 MHz, CDCl3): 60.85-0.95 (br., 6H), 1.20-1.24 (br.,

12H), 1.25-1.28 (br., 3H), 1.33-1.38 (br., 3H), 1.8 (m,

1H), 1.95-2.075 (br., 2H), 2.2-2.3 (br., 2H), 2.5-2.55 (br.,
2H), 2.65-2.75 (br., 2H), 2.9 (t, J=6 Hz, 1H), 3.69 (s,
3H), 4.65-4.85 (br., 2H); MS (FAB): (m/z+ 1) 553.

EXAMPLE 4: MeOSuc-AlaAlaPro-Boroval-OH

MeOSuc-AlaAlaPro-Boroval-pinacol (0.25 g, 0.452
mmoles) was dissolved in tetrahydrofuran (3.8 mL),
containing diethanolamine (0.190 g, 1.81 mmoles), and
the resulting solution was stirred overnight. A diethan-
olamine derivative (0.224 g) was precipitated by adding

ether (ca. 50 mL), isolated by filtration and washed with
ether.
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The diethanolamine derivative and a polymeric cat-
10n exchange resin having pendant-SOzH groups in the
protonated form (BioRad AG-50-X8) (0.4 g) were
placed 1n a flask and cold H,O (2 mL) was added. The
resulting mixture was aliowed to warm to about 23° and
stirred for 20 minutes. During this time, the solution pH
changed from 7.5-8.0 to 4-5. Resin was removed and
washed with two 5 mL portions of H20O. The combined
aqueous phase was lyophilized to yield a fluffy white
solid (0.125 g, 0.27 mmole). 'H NMR (360 MHz,
CD30D): 6 0.90-1.0 (br., 6H), 1.3-1.375 (br., 6H), 1.80
(m, 1H), 1.95-2.1 (br., 2H), 2.12-2.2 (br., 1H), 2.24-2.33
(br., 2H), 2.5-2.55 (br., 2H), 2.6-2.65 (br., 2H), 3.66 (s,
3H), 3.8 (m, 1H), 4.3-4.35 (br., 2H), 4.55-4.64 (br., 4H);
MS (FAB): (m/z-+thioglycerol4+H+) 543. Anal.
Calcd. for CyoHisN4OgB: C=51.06%, H=7.51%,
and B=230%. Found: C=51.249%,
H=7.36%, N=11.81%, and B=2.15%.

Example 5: MeOSuc-AlaAlaPro-Borophe-pinacol

MeOSuc-AlaAlaPro-OH (1.03, 2.78 mmoles) was |
coupled to H-Borophe-pinacoletrifluoroacetate (1.00 g,
2.78 mmoles) by a procedure substantially similar to
that described for preparation of Z-PheGlyAla-
Boroleupinacol (Example 1). Product was chromato-
graphed on a 2 cm column containing 7.5 g of silica gel
using CHCj3 as a solvent. Fractions containing desired
product were pooled and triturated with hexane, yield-
ing white solid {(0.65 g, 1.1 mmoles). |H NMR (360
MHz, CDCl3): 1.15-1.35 (br., 18H), 1.95-2.8 (br., 10H),
2.90-3.15 (br., 2H), 3.45-3.75 (br., 2H), 3.68 (s, 3H),
7.1-7.3 (br., 5SH). Anal. Calcd. for C3pHasNaOsB:

C=5999%, H=7.57%, N=9.339%, and B=1.80%.

Found: C=59.92%, H=7.77%,
B=1.61%; MS (FAB): (m/z+1) 601.

N=9.28%, and

Example 6:
MeOSuc-AlaAlaPro-Borophe-diethanolamine

MeOSuC-AlaAlaPro-Borophe-pinacol (0.787 g, 1.31
mmoles) was dissolved in tetrahydrofuran (3 mL) and
diethanolamine (0.207 g, 1.96 mmoles) in tetrahydrofu-
ran (4.2 mL) was added. After 2 hours, the pinacol
derivative could not be detected by thin-layer chroma-
tography (TLC). Solvent was evaporated and the par-
tially crystalline residue was extracted with hot ethyl
acetate to yield a solid (0.29 g, 0.5 mmole, mp
184°-185°, E 30833-39). [a]p* = —81.6+2.0°, C=1%
in ethanol. Anal. Calcd. for CygHsNsOgB (E30833-28,
prepared by a similar procedure): C=57.33%,
H=7.0609%, N=11.94%, and B=1.849%. Found:
C=57.06%, H=7.21%, N=11.77%, and B=1.83%.

An additional crop of crystals was obtained from
ethyl acetate (0.04 g, 0.07 mmole, mp 187.5°-188.5°).

The residue from the foregoing crystallization proce-
dures was triturated with ether to yield a white amor-
phous solid (0.29 g, 0.5 mmole, 2-E30833-39).
[alasP=—92.8+2.0°. IH NMR (360 MHz, CD30D): &
1.25~1.4 (br., 6H), 2.45-2.65 (br., 4H), 2.65-2.8 (br., 4H),
2.7-2.835 (br., 3H), 2.85-3.05 (br., 2H), 3.65 (s,3H),
3.8-4.0 (br., 4H), 7.10-7.31 (br., SH). Anal. Calcd. for
CogH4iNsOgB: C=57.33%, H=7.06%, N=11.949,
and B=1.84%. Found: C=57.32%, H=7.15%,
N=11.79%, and B=1.61%. MS (FAB): (m/z+1) 587.

Example 7: MeOSuc-AlaAlaPro-Borophe-OH

‘MeOSuc-AlaAlaPro-Borophe-diethanolamine (0.20
g, 0.34 mmole) (Example 6) was placed in a flask with
approximately a twofold excess (0.4 g) of a polystyrene
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substituted sulfonic acid resin in the protonated form
(Bio-Rad AG-50-X8), and 2 mL of cold water were

added. The resulting mixture was allowed to stir for 10

minutes while coming to room temperature. Resin was
removed and washed with two 5 mL portions of H;O.
The combined aqueous fractions were lyophilized to
yield a white powder. The foregoing procedure yielded
0.135 g (0.26 mmole) of the free boronic acid. Material
prepared by a substantially similar synthesis yielded the
- following observations: 'H NMR (360 MHz, CDCl3): 3
1.25-1.38 (br., 6H), 1.9-2.3 (br., 4H), 2.48-2.55 (br., 2H),
2.55-2.7 (br., 2H), 2.82-2.91 (br., 2H), 3.65 (s, 3H), 3.80
(m, 1H), 4.35 (m, 1H), 4.58 (m, 1H), 7.15-7.3 (br., SH).
Anal. Caled. for CuH3zN4OgB: C=55.60%,
H=6.82%, N=10.81%, B=2.09%. Found:
C=55.84%, H=6.76%, N=10.72%, B=2.07%

Example 8: MeOSuc-AlaAlaPro-Boroala-pinacol

MeOSuc-AlaAlaPro-OH (3.25 g, 8.77 mmoles was
coupled to H-Boroala-pinacoletrifluoroacetate (2.50 g,
8.77 mmoles) by a procedure substantially similar to
that described for Z-PheGlyAla-Boroleu-pinacol (Ex-
ample 1). Product was purified by chromatography on
silica gel, using CHCI3 as a solvent, to yield a solid (2.2
g). A principal fraction (1.3 g) was triturated with hex-
ane to yield 1.03 g (1.96 mmoles) of a white solid; 'H
NMR (90 MHz, CDCl3): § 0.8-1.4 (br., 21H), 1.8-2.3
(br., 4H), 2.4-3.0 (br., SH), 3.5-3.8 (br., 2H), 3.65 (s,
3H), 4.4-4.9 (br., 3H). Anal. Calcd. for Cy4H41N4OgB:
C=54.95%, H=7.81%, N=10.68%, and B=2.06%.
Found: C=55.06%, H=8.04%, N=9.64%, and
B=2.00%. C=54.73%, H=8.12% and N=10.58%.

Example 9:
MeQOSuc-AlaAlaPro-Boroala-diethanolamine

MeOSuc-AlaAlaPro-Boroala-pinacol (0.866 g, 1.65
mmoles) was reacted with with diethanolamine (0.260
g, 2.48 mmoles) in tetrahydrofuran (5.2 mL) for 4 days
at 23°. A white precipitate formed, which was 1solated
and washed with tetrahydrofuran, yielding a crystalline
solid (0.35 g, 0.68 mmole, mp 172.5°-175°). lH NMR (80
MHz, CDCls): 6 1.0-1.56 (br., 9H), 1.7-2.4 (br., 4H),
2.4-3.5 (br., 9H), 3.7 (s, 3H), 3.5-4.1 (br., 6H), 4.25-5.0
(br., 3H); Anal. Calcd. for Cy;H3gNs0gB: C=51.66%,
H=7.50%, N=13.70%, and B=2.119%. Found:
C=51.54%, H=7.56%, N=13.62%, and B=2.17%.

Filtrate from the foregoing isolation was evaporated
and triturated with ether to yield 0.270 g (0.53 mmole)
of an amorphous white solid. The !H NMR spectrum
obtained corresponded to that expected for the desired
product. Biological activity, measured as capacity for
inhibition of pancreatic elastase, was at least 5-fold
greater for the crystalline sample, suggesting that two
diastereomeric forms had been separated or partially
separated, and that the crystalline sample was princi-
pally the L-diastereomer.

Example 10: MeOSuc-AlaAlaPro-Boroala-OH

MeOSuc-AlaAlaPro-Boroala-diethanolamine (0.20 g,
0.381 mmole) was dissolved in cold water (2 mL) and
the previously described cationic exchange resin (0.45
g) was added. After allowing this mixture to warm to
about 23°, the resin was removed and washed with
water (2 X5 mL). The aqueous fractions were lyophi-
lized to vield product (0.15 g, 0.34 mmole). 'H NMR
(80 MHz, CDCl3): 6 1.03 (d, J=7 Hz, 3H), 1.2-1.5 (br.,
6H), 1.8-2.3 (br., 4H), 2.4-3.01 (br., 5H), 3.7 (s, 3H),
4.3-5.0 (br., 3H). The sample was triturated with hexane
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to vyield an analytical sample. Anal. Calcd. for
Ci1gH31N4OgB: C=48.87%, H=7.08%, N=12.67%
and B=2.449,. Found: C=49.00%, H=6.96%,
N=12.50% and B=2.41%. |

Example 11: Boc-PhePro-Borophe-pinacol

N-hydroxysuccinamide ester of Boc-Phe-OH (10.0 g,
27.6 mmoles) was dissolved in 1,2-dimethoxyethane
(375 mL) and a solution of H-Pro-OH (4.76 g, 41.4
mmoles) and NaHCO3 (4.83 g, 82.6 mmoles) in 175 mL
of H,O was added. The resulting mixture was stirred
overnight at about 23°, and then evaporated to dryness.
The resulting residue was dissolved in 100 mL of H;0
and filtered. Filtrate was acidified with HCl and prod-
uct was extracted into CHCIl;. The CHCIl;3 extract was
dried over Na3SQ4 and solvent was evaporated, yield-
ing an oil. The oil was triturated with hexane to provide
an amorphous white solid (8.7 g, 23 mmoles). 'H NMR
(90 MHz, CDCl3): 6 1.37 (s, 9H), 1.5-2.3 (m, 4H),
2.9-3.3 (m, 2H), 3.3-3.8 (m, 2H), 4.43-4.80 (m, 2H), 5.6
(m, 1H) and 7.27 (s, 5H).

Boc-PhePro-OH (4.02 g, 11.1 mmoles) was activated
in tetrahydrofuran (25 mlL.) and coupled to H-Borophe-
pinacoletrifluoroacetate (4.00 g, 11.1 mmoles) dissolved
in tetrahydrofuran (10 mL.), using a procedure substan-
tially similar to that described for synthesis of Z-Phe-
GlyAla-Boroleu-pinacol (Example 1). Chromatogra-
phy of the resulting mixture on silica gel provided an oil
(4.9 g). The oil (3.6 g) was triturated with hexane to
yield the desired product (0.86 g, 1.45 mmoles, mp
81.5°-83.5° C.). IH NMR (90 MHZ) in CDCl3: 6 1.2 (5,
12H), 1.35 (s, 9H), 1.5-2.5 (br, 4H), 2.5-3.7 (br., 7TH),
4.3-4.8 (br., 2H), 4.9-5.3 (br., 1H), 6.7-7.5 (s, br, 11H).
Anal. Calcd. for Ci33H4N306B: C=66.99%,
H=7.85%, N=7.10%, and B=1.83%. Found:
C=66.74%, H=8.16%, N=7.15%, and B=1.79%.

Example 12: MeOSuc-PheGlyLeu-Boroleu-pinacol

Boc-PheGlyLeu-OH was prepared by coupling the
N-hydroxysuccinamide ester of Boc-Phe-OH (14.1 g,
39.0 mmoles) to H-Gly-Leu-OH (8.1 g, 42.9 mmoles)
using a procedure substantially similar to that described
for preparation of Boc-PhePro-OH (Example 11). Prod-
uct was crystallized from ethyl acetate (14.4 g).

Anal. Calcd. for Cy»HizN3iOs C=60.66%,
H=7.66%, N==9.65%. Found: C=60.25%, H=7.51%
and N==9.63%. |

H-PheGlyLeu-OHetrifluoroacetate was prepared by
treating Boc-PheGlyLeu-OH with trifluoroacetic acid
for 5 min at about 23°, followed by evaporation and
drying in vacuo with KOH.

H-PheGlyLeu-OH.trifluoroacetate (10.3 g, 23.0
mmoles), N-hydroxysuccinamide ester of methoxysuc-
cinate (5.27 g, 23.0 mmoles), and triethylamine (8.0 mL,
57.5 mmoles) were dissolved in N,N-dimethylforma-
mide (15 mL) and allowed to react at 0° C. The result-
ing reaction mixture was diluted with N,N-dimethylfor-
mamide (10 mL) and was stirred at 23° for ~ 30 min.
The reaction mixture was concentrated to about 5 mL
by evaporation, diluted with 75 mL of 5% NaHCO;,
and extracted with ethyl acetate. The resulting aqueous
phase was acidified with HCI. Product was extracted
into ethyl acetate and washed sequentially with 0.2N
HCI and saturated aqueous NaCl adjusted to 0.2N HCL
After drying over Na>SQy, filtering, and concentrating,
crystals (5.73 g, 12.39 mmoles, mp 167.5°-169°) were
obtained.
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In a substantially similar experiment, the following
analysis was obtained for MeOSuc-PheGlyLeu-OH
(mp 167.5°~168.5°).

Anal. Calced. for Cy3H3H9N3O9:
H=6.76%, and N=9.37%. Found:
H=6.99%, and N=9.06%.

MeOSuc-PheGlyLeu-OH (0.897 g, 2.0 mmoles) was
dissolved in tetrahydrofuran (15 mL) containing N-
methylmorpholine (0.22 mL, 2.0 mmoles) and was al-
lowed to react with isobutyl chloroformate (0.26 mL,
2.0 mmoles) for 5 minutes at —20° Cold tetrahydrofu-
ran (10 mL) and triethylamine (0.28 mL, 2.0 mmoles)
were added and the resulting mixture was immediately
added to a solution of H-Boroleu-pinaco.trifluoroace-
tate (0.65 g, 2.0 mmoles) in 10 mL of cold tetrahydrofu-
ran. After stirring for approximately 1 hour at —20° and
2 hours at 23°, the resulting mixture was filtered, and
the filtrate evaporated to dryness. The remaining resi-
due was dissolved in ethyl acetate and then washed
sequentially with 0.2N HCl, 5% NaHCOj, and satu-
rated aqueous NaCl. The organic phase was dried over
anhydrous NapSQsy, filtered and evaporated to yield 450
mg of material. TLC in methanol:chloroform (V:V, 1:9)
indicated three spots, Rfs 0.62, 0.54, 0.50, on silica gel
plates.

This material was dissolved in tetrahydrofuran (10
mL) and pinacol (0.13 g, 0.71 mmole) was added. The
resulting solution was stirred overnight, but no signifi-
cant change in TLC results was observed. Solvent was
evaporated and the remaining residue was applied to a
2 cm column containing 10 g of silica gel and equili-
brated with CHCI3. The column was stepwise eluted,
first with CHCl3 and then CHCl; containing 2% metha-
nol. Three fractions (0.21 g, 0.33 mmole) were collected
which showed predominantly one spot at Rf 0.50 by
TLC. 'TH NMR (90 MHZ) in CDCls: § 0.90 (m, 12H),
1.17 (s, 9H), 1.27-2.1 (br., 8H), 2.1-3.5 (br., 8H), 3.60 (s,
3H), 3.9 (m, 2H), 4.6 (m, 2H), and 6.8-7.9 (br., 10H).

Example 13: Boc-Ala-Boroala-pinacol

Boc-Ala-OH (0.664 g, 3.51 mmoles) was coupled to
H-Boroala-pinacol.trifluoroacetate  (1.00 g, 3.51
mmoles) by a procedure substantially similar to that
described for  preparation of Z-PheGlyAla-
Boroleupinacol (Example 1). Crude product was chro-
matographed on a 2 cm column containing 7.5 g of silica

C=58.91%,
C=59.20%,

gel, using CHCl3 as solvent. Product (0.86 g) was crys-

tallized from CHCls:hexane, (0.70 g, 2.05 mmoles, mp
122.5-124%). TLC in methanol:CHCI3 (V:V, 1:9) indi-
cated a single spot Rf 0.49; lH NMR (360 MHz,
CDClsz): 6 1.15-1.18 (d, d, J=4.5, 8 Hz, 3H), 1.24 (s,
12H), 1.38 (d, d, J=6.1 Hz, 3H), 1.45 (s, 9H), 2.95 (m,
1H), 4.25 (m, 1H), 5.15 (br., 1H); Anal. Calcd. for
Ci6H31N20Os5B: C=56.14%, H=9.15%, N=8.19%, and
B=3.16%. Found: C=55.90%, H=9.12%, N=7.97%,
and B=3.21%.

Example 14: Boc-Ala-Boroala-diethanolamine

Boc-Ala-Boroala-pinacol (0.430 g, 1.26 mmoles) was
dissolved in 4 mL of tetrahydrofuran, and then treated
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with diethanolamine (0.198 g, 1.88 mmoles) dissolved in |

tetrahydrofuran (4 mL). After about 3 hours, the pina-
col starting material could not be detected by TLC.
Solvent was evaporated and the residue was crystal-
lized from ethyl acetate:hexane, providing 0.18 g (0.55
mmoles, mp 174°-174.5%); 'TH NMR (360 MHz, CDCl3):
6 1.23 (d, J=9 Hz, 3H), 1.34 (d, J=8 Hz, 3H), 1.44 (s,
9H), 2.7-2.8 (br., 2H), 3.0-3.15 (br., 2H), 3.35 (m, 1H),

65
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3.8-4.03 (br., 4H), 4.05 (m, 1H). Anal. Caled. for
Ci4H23N305B: C=51.07%, H=8.59%, N=12.76%,
and B=3.28%. Found: C, 51.06%, H=8.32%,
N=12.76% and B=3.64%.

Example 15: Boc-Gly-Boroleu-pinacol

A solution of Boc-Gly-OH (0.350 g, 2 mmoles) in
methylene chloride (20 mL) was treated with N-
methylmorpholine (0.202 g, 0.219 mL, 2 mmoles), and
then cooled in an ice/acetone bath at —15°, Isobutyl
chloroformate (0.273 g, 0.262 mL, 2 mmoles) was added
and the resulting reaction mixture was stirred for 5
minutes. A solution of H-Boroleu-pinacol.trifluoroace-
tate (0.654 g, 2 mmoles) in 10 mL of methylene chloride
containing triethylamine (0.202 g, 0.278 mL, 2 mmoles)
was added and the reaction mixture was allowed to
warm to about 23°. The reaction mixture was stirred for
1.5 hrs., diluted with 100 mL of methylene chloride and
then washed with 20 mL of 109% HC], followed by 20
mL of a saturated sodium bicarbonate solution. Drying
the solution over Na;SO4 and concentrating gave a
hiquid (0.70 g) which was chromatographed on silica gel
using 9:1 methylene chloride:methanol (V:V) as eluent
to provide a solid product (0.474 g, 1.28 mmoles),
67°-70°, TH NMR (360 MHz, CDCl3): 6 0.91 (br., 6H),
1.23 (s, 12H), 1.41 (t, J=7 Hz, 2H), 1.45 (s, 9H), 1.61
(hept, J=7 Hz, 1H), 2.98 (br., 1H), 3.84 (d, J=6 Hz,
2H), 5.8 (br., 1H), 6.86 (br., 1H). Anal. Calcd. for
CigH3sN20sB: C=58.38%, H=9.53%, N=7.57%,
B=2.92%. Found: C=58.39%, H=9.44%, N=17.03%,
B =3.08%.

Example 16: Boc-Gly-Boroleu-diethanolamine

A solution of Boc-Gly-Boroleu-pinacol (0.240 g, 0.65
mmole) in 1sopropanol (10 mL) was treated with dieth-
anolamine (0.071 g, 0.70 mmole). The reaction mixture
was allowed to stand for 5 days, evaporated and dis-
solved in warm ether. A solid (0.02 gl), mp 214°-216°
was obtained on cooling to about 23°, The remaining
solution was treated with additional diethanolamine (71
mg, 0.7 mmole) in isopropanol (0.7 mL) and stirred for
48 hours, yielding a white solid (150 mg, 0.42 mmole),
mp 215°-219°, TH NMR (360 MHz, CDCl3): & 0.85 (d,
J=6Hz, 3H),0.90(d, J=6 Hz, 3H), 1.45 (5, 9H), 1.4-1.6
(br., 3H), 2.7-2.8 (br., 2H), 3.03-3.15 (br., 2H), 3.38 (m,
1H), 3.65-3.80 (br., 2H), 3.83-3.9 (br., 2H), 3.93-4.02
(br., 2H), 5.2 (br., 1H), 6.23 (br., 1H), 6.85 (br., 1H).
Anal. Caled. for Cj6H3:N305B: C=53.799%,
H=9.03%, N=11.76%, B=3.03%. Found:
C=353.87%, H=9.25% N=11.69%, B=3.09%.

Example 17: Boc-PheGly-Boroleu-pinacol

Boc-Phe-OH (25.0 g, 94.0 mmoles) was coupled to
H-Gly-OCH3.HCI (12.0 g, 94.0 mmoles) using a mixed
anhydride procedure substantially similar to that de-
scribed by J. Am. Chem. Soc. 89:5012 (1967). 35.1 gof a
colorless o1l was obtained, which crystallized upon
standing. This product was recrystallized from 50 mL
of hot ethyl acetate, to which 100 mL of ether and 100
mlL. of hexane were added. Additional hexane was
added as crystallization proceeded to give 20.80 g (62
mmoles, 66%), mp 94.6°-96.3° of Boc-PheGly-OMe.
An additional 5.9 g (18 mmoles, 19%) mp 93.8°-96. 1
was obtained by reprocessing the residue.

Anal. Caled. for C17H24N20s5: C, 60.70%; H, 7.19%:
N, 8.33%. Found: C, 61.42%; H, 7.13%; N, 8.66%: C,
61.43%:; H, 7.24%; N, 8.55%.
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A solution of 16.8 g (50 mmole) of Boc-PheGly-OMe
in 250 mL of methanol was treated with 120 mL of 0.5N
aqueous sodium hydroxide. The resulting solution was
stirred for 2 hrs, stripped to a volume of about 100 mL,
and extracted with CH3;Cl. CH3(Cl was removed, and
the resulting solution was acidified to pH 5 with 57 mL
of IN HCl. A sticky solid precipitate resulted, which
solidified to provide a white powder which was filtered,
water-washed, and vacuum-dried, yielding 15.01 g (46.6
mmoles) of crude product. A portion, recrystallized
from ethyl acetate/hexane, melted at 164.6°-165.6°,
ap?=—94°, C=1.03 acetone.

Anal. Calcd. for C1sH»2N->Os: C, 59.61%: H, 6.88%,
N, 8.699%. Found: C, 59.76%: H, 6.86%; N, 8.87%.

A solution of Boc-PheGly-OH (0.645 g, 2 mmoles) in
tetrahydrofuran (15 ml) was treated with N-methyl-
morpholine (0.202 g, 0.220 mL, 2 moles), cooled to
—15° and then treated with i1sobutylchloroformate
(0.273 g, 0.26 mL, 2 mmoles). The resulting reaction
mixture was stirred for 5 min. at — 15° and treated with
triethylamine (0.202 g, 0.279 mL, 2 mmoles), followed
by a solution of H-Boroleu-pinacol.trifluoroacetate
(0.652 g, 2 mmoles) in tetrahydrofuran (5 mL). The
resulting reaction mixture was warmed to about 23° and
stirred for 1 hour. The mixture was then diluted with
100 mL of methylene chloride, washed with 25 mL of

3
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5% HCI, followed by 25 mL of saturated sodium bicar-

bonate solution. Drying the resulting solution over so-
dium sulfate, followed by concentrating under reduced
pressure, provided a crude product (1.24 g), which was
chromatographed on silica gel using 9:1 methylene
chloride:methanol (V:V), yielding a pure product
(0.911 g, 1.76 mmoles). tH NMR (360 MHz, CDCl3): &
0.88-0.93 (br., 6H), 1.22 (s, 12H), 1.38 (two peaks, 9H),
1.4-1.45 (br., 2H), 1.7 (hept, J=7 Hz, 1H), 2.75-3.45
(br., 3H), 3.9-4.15 (br., 2H), 4.20 (m, 1H), 7.15-7.35 (br.,
5H). Anal Calcd. for C;7H44N3O¢B: C=62.67%,
H=8.57%, N=8.12%, B=2.09%. Found: C=62.51%,
H=8.81%, N=7.69%, B=2.37%. MS (CI): (m/z) 517.

Example 18: Boc-PheGly-Boroleu-diethanolamine

A solution of Boc-PheGly-Boroleu-pinacol (0.178 g,
0.344 mmole) in ether (5 mL) was treated with diethan-
olamine (0.070 g, 0.7 mmole). The resulting solution
was stirred for 48 hours; during this period, crystals
formed which were filtered from solution: (0.20 g, 0.4
mmole), mp 169°-176°, 'H NMR (360 MHz, CDCl3): 6
0.83 (d, J=6 Hz, 3H), 0.90 (d, J=6 Hz, 3H), 1.35-1.4
(br., 9H), 1.35-1.45 (br., 1H), 1.53-1.65 (br., 2H), 2.7-2.8
(br., 2H), 2.9-3.2 (br., 4H), 3.3-3.4 (br., 1H), 3.6-3.78
(br., 2H), 3.8-4.0 (br., 4H), 4.35 (m, 1H), 7.1-7.35 (br,,
5SH). Anal. Calcd. for CysHagN4sOgB: C=59.60%,
H=8.01%, N=11.13%, B=2.15%. Found:
C=759.36%, H=28.29%, N=10.98%, B=2.05%.

Example 19:
H-PheGly-Boroleu-pinacol.trifluoroacetate

A solution of Boc-PheGly-Boroleu-pinacol (0.240 g,
0.464 mmole) was dissolved 1in 2 mL of trifluoroacetic
acid and stirred for 15 minutes. The resulting solution
was concentrated under reduced pressure, providing an
oil. 'TH NMR (360 MHz, CDCl3): 6 0.83-0.88 (br., 6H),
1.25-1.3 (br., 2H), 1.26 (s, 9H), 1.55 (hept., J=7 Hz,
1H), 2.75 (t, J=9 Hz, 1H), 3.1-3.2 (br., 2H), 3.83 (m,
1H), 4.26 (d, d, J=16, 8 Hz), 4.35 (m, 1H), 7.15-7.4 (br.,
SH). MS (FAB): (m/2—CF3CO0Q) 418. |
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Example 20:
H-PheGlyGlu-Boroval-pinacol. CH3COOH

This compound was prepared by catalytic hydroge-
nation of Z-PheGlyGlu(OBzl)-Boroval-pinacol, pre-
pared substantially according to the procedure of Ex-
ample 5. Z-PheGlyGlu(OBzl)-Boraval-pinacol (0.60 g,
0.79 mmol) was dissolved in 10 ml absolute ethanol, to
which 0.50 m1. glacial acetic acid and 0.40 g of 10% Pd
on carbon were added. Hydrogen was bubbled through
the foregoing mixture for 4 hours at approximately 23°.
The resulting reaction mixture was permitted to stand
under a blanket of Nj overnight. Catalyst was removed
by filtration, and solvent was evaporated, yielding an otl
which was triturated with ether to provide a solid (0.20
g.) Anal. Calcd. for CpgH4asN4OoB: C=56.75%,
H=7.67%; N=9.46%, B=1.82%. Found: C=56.47%,
H=7.59%, N=9.69%, B=1.95%.

Example 21: MeOSuc-PheGlyGlu-Boroval-pinacol

H-PheGlyGlu-Boroval-pinacol. CH3;COOH, pre-
pared substantially by the procedure described in Ex-
ample 5, (0.10 g, 0.17 mmol) was dissoived in 2.0 mL
THF and 0.038 g (0.17 mmol) N-hydroxysuccinimide
ester of methoxysuccinate, 0.028 g (0.337 mmol) sodium
bicarbonate, and 0.5 ml. water were added. After 15
minutes, 0.014 g (0.17 mmol) additional NaHCO3 were
added and the resulting reaction mixture stirred 1.5
hour at approximately 23°. The reaction mixture was
then diluted to 50 mIL. with 0.2N HCI in saturated NaCl
and product extracted into ethyl acetate. The resulting
organic layer was dried over NazSQy4, filtered, and
solvent evaporated, yielding 70 mg of crude product.
This material was dissolved in chloroform and slowly
evaporated to dryness to provide a crystalline product,
which was isolated and washed with ether to yield
0.040 g of the desired product, m.p. 152°-153°, Anal.
Calcd. for C31N47N4O10B: C=57.58%, H=7.34%,

N=8.67%, B=1.67%. Found: C=357.47%, H=7.22%,

N=238.51%, B=1.61%.
Examples 22-34: Additional Peptides

The following compounds were prepared by proce-
dures substantially similar to the indicated examples.

Prepared

Ex- accord-
am- ng to
ple Compound Example:
22 Boc—D-PhePro-—Boroval-—pinacol 5

23  MeOSuc—AlaAlaPro—Boroile—pinacol 5

24 Z—PheGlyPhe—Boroval—pinacol 5

25 Z—PheGlyGlu(OBzl)—Boroval—pinacol 3

26 Z-—PheGlyLeu—Boroval—pinacol 3

27 Z—PheGlyLeu—Boroval—diethanolamine 6

28 Z-~—PheGlyLys(Boc)—Boroval—pinacol 5

29 Z—PheGlyLys—Boroval—pinacol.tri- 5,19

fluoroacetate

30 MeOSuc—Lys(Z)—AlaPro—Boroval—OH 5,6

31 Z—PheProAla—Boroval—pinacol 5

32 H—PheGlySer—Boroval—pinacol. CH3;COOH 20

33 MeOSuc—PheGlySer—Boroval—pinacol 21

34 Z—PheGlySer(OBzl)—Boroval—pinacol 5

Example 35: Inhibition of Neutrophii Elastase

Neutrophil elastase was prepared by the procedure

. described by Baugh. et al., Biochemistry 15:836 (1979).

Enzyme assays were conducted substantially according
to the procedure disclosed by Nakajima, et al., J. Biol
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Chem. 254:4027 (1979), in assay mixtures containing
0.10M  Hepes  (N-2-hydroxyethylpiperazine-N'-2-
ethanesulfonic acid) buffer, pH 7.5; 0.5M NaCl; 10%
dimethylsulfoxide; and 1.50x 10—4M MeQSuc-AlaAla-
Pro-Val-p-nitroanilide as substrate. Inhibitors were
evaluated by comparing enzymatic activity measured in
the presence and absence of inhibitor. Results are set

forth 1n Table 2, below.

A more extensive evaluation of the kinetic constants
for interaction of human neutrophil elastase with MeO-
Suc-AlaAlaPro-Boroval-OH were determined by meth-
ods substantially similar to those disclosed by Schloss,
et al., Biochemistry 19:2358 (1980), who describe the
following equation describing reversible, tight binding
inhibition:

E + 1 Tk—z—EI ‘:'TEI*'

As determined herein, K; (initial)=k;/k;; K; (fi-
nal)=(ka/k1)ks/(k3+kq); and K; (final) >XK; (initial);
E={Enzyme}; I=[inhibitor]; EI and EI*=[enzyme-
inhibitor complexes].

K(initial) was determined from initial velocity stud-
1es, according to the method of Lineweaver and Burk.
Substrate concentration was varied from 0.80-0.04 mM,
and concentration of inhibitor (MeOSuc-AlaAlaPro-
Boroval-OH) was 200 nM. Observed inhibition ap-
peared to be competitive, since double reciprocal plots
of initial velocity vs. substrate concentration inter-
cepted the y-axis at the same point. The results of these
studies are set forth in Column A of Table 1, below.

Values of K; (initial) and K; (final) were determined
from observations of progressive inhibition of elastase
in the presence of 2.0X 10—4M substrate measured in
the presence of 30-300 nM MeOSuc-AlaAlaPro-Borov-
al-OH. The data were fitted to the following equation:
P=Po+(vi—vp/k+vpa+(vr—v)e—*/k. P is the con-
centration of product at time t, v;is the initial velocity,
vris the final steady state velocity, k is the first order
rate constant and Pg is the concentration of product at
t=0. Values of K;(initial) and K;(final) were then deter-
mined from plots of velocity—! vs. concentration of
inhibitor using the method described by Dixon, Bio-
chem. J. 55:170 (1953). Results are set forth in Column B
of Table 1, below.
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TABLE |

Kinetic Properties of the Interaction of
Human Neutrophil Elastase with MeOSuc—
AlaAlaPro—Boroval-—-OH

A B

Ki (nM) Ki (nM)
Initial 150 91 (t = 0)
Final — 6.2 (t = o, equilibrium)
TABLE 2
Inhibition of Human Neutrophil Elastase
Times

Inhibitor Conc. (nM) (min) o Activity®<

MeOSuc—Ala—Ala— 100 0.5 61

Pro—Boroval—OH 2 36
4 27

~ MeOSuc—Ala—Ala— 500 N.T? 55

Pro—Borophe—OH

MeQOSuc—Ala—Ala— 100 N.T 64

Pro—Boroala-——0OH

L~—Phe—QGly~-Ala— 200 N.T 73

Boroleu—OH

MeOSuc—Ala—Ala— 10,000 0.5 61

Pro—Boroval— 2 30

pinacol 4 11

MeOSuc—Ala—Ala— 10,000 1 41

Pro—Borophe— 7 24

pinacol

MeOSuc—Ala—Ala— 1,000 0.5 71

Pro—Boroala—pinaco! 4 38

Z—Phe—Gly—Ala— 3,000 0.5 46

Boroleu—pinacol 4 30

Boc—Phe—Pro— 3,000 0.5 42

Borophe—pinacol 2 23
4 17
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“Activity (rate) of the control (0% inhibitor) was 0.0147 min~—!, measured by
change In optical density of sample at 405 nm.

’N.T. No detectable time dependence m inhibition could be detected during the 3-4
min assay period.

‘Activity = activity (rate) as a percentage of control value.

Additional peptide inhibitors were evaluated by a
procedure similar to that described above. Stock solu-
tions of inhibitors (1.00 mM) were prepared in dimeth-
ylsulfoxide and compounds were diluted to 0.10 mM
with 0.10 mM sodium phosphate buffer, pH 7.5, yield-
ing the free boronic acid. After incubation for one hour
at about 23°, inhibitors were added to assay solutions
(2.00 mL) consisting of 0.020M MeOSuc-Ala-AlaProV-
al-p-nitroanilide in 0.10M Hepes buffer, pH 7.5, contain-
ing 0.50M NaCl. Assays were initiated by addition of
0.50 ung neutrophil elastase. Control assays without
mhibitor indicated an initial velocity of 0.0195 min—1.
The value “k” in Table 3, below, is an estimate of the
first order rate constant for time-dependent inhibition,
as described above for MeOSuc-AlaAlaPro-Boroval-
OH (Table 1). Results are set forth in Table 3, below:

TABLE 3
Inhibition of Human Neutrophil Elastase
% Initial

Compound ._ | Conc. (M) Activity  k (min—1)
MeOSuc—Ala—Ala—Pro—Boroval—OH 1.0 X 10=7 61 0.27
MeQSuc—Ala—Ala—Pro—Boroile—QH 1.0 X 10—7 60 0.28
MeQOSuc—Lys(Z)—Ala—Pro—Boroval—OH 50 x 10—8 59 0.54
Z—Phe—Gly—Ser(OBzl)—Boroval—OH 1.25 x 10—7 66 - 0.17
MeOSuc—Phe—Gly—Ser—Boroval—OH 5.0 X 10—7 78 0.26
H—Phe—Gly—Ser—Boroval—OH 1.0 X 10—6 75 a
Z—Phe—Gly—Glu(OBzl}—Boroval—QH 1.0 x 10—/ 61 0.20
MeOSuc—Phe—Gly—Glu—Boroval—OH 1.0 x 10— 52 0.18
H—Phe—Gly—Glu—Boroval—OH 2.0 X 10—° 54 a
Z—Phe—Gly—Lys(Boc)—Boroval—OH 2.0 X 10~7 55 0.37.
Z—Phe—Gly—Lys—Boroval—OH 2.5 x 10—7 67 0.28
Z—Phe—Gly—Phe—Boroval—OH 2.0 x 10—7 47 0.18

2.0 X 10~7 62 0.26

Z~—~Phe—Gly—Leu—Boroval—OH
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24

Inhibition of Human Neutrophil Elastase

% Initial
Compound Conc. (M)  Activity k (min—}
7Z—Phe—Pro—Ala—Boroval—QH 4.0 X 10—° 51 a
Boc—D-Phe—Pro—Boroval-—QH 2.0 x 10—7 54 0.35

a No significant time dependence was observed at the level of inhibitor tested.

Example 36: Inhibition of Pancreatic Elastase

Porcine pancreatic elastase (9.8 U/mg.) was obtained
from commercial sources. The enzyme was assayed in
2.00 mL of 0.10M Hepes buffer, pH 7.5, containing
0.5M NaCl, 10% dimethylsulfoxide, and 0.020M MeO-
Suc-AlaAlaPro-Val-p-nitroanilide as a substrate. Reac-
tions were initiated by addition of 0.5 ug of elastase in
0.020 mL of 0.020M sodium acetate bufter, pH 6.0, and
hydrolysis of substrate was monitored spectrophoto-
metrically at 405 nm at 25° C. Assay results are set forth
in Table 4, below, expressed as percentages of activity
of control mixtures to which no inhibitor was added:

TABLE 4
Inhibition of Pancreatic Elastase
Time Activity

Inhibttor Conc. (nM) (min) % of Controt
MeOSuc—Ala-—Ala— 20 0.25 71.6
Pro-—Boroala—QOH 1.0 49 4

2.0 32.1

4.0 17.3
MeOSuc—Ala—Ala— 50 0.5 74
Pro—Boroval—OH 2.0 44

4.0 28
MeQOSuc—Ala-—Ala— 200 1.0¢4 59
Pro—Borophe—QOH
MeQSuc—Ala—Ala— 200 0.25 61.7
Pro—Boroala—- 2.0 24.7 -
pinacol 4.0 2.5
MeOSuc—Ala—Ala— 20 0.5 71.6
Pro-—Boroala— 1.0 51.8
diethanolamine 2.0 33.3

4.0 17.8
Boc—Ala—Boroala 5.0 X 107 1.04 67
diethanolamine
Boc—Phe—Pro— 5 x 104 0.5 69.1
Borophe—pinacol 4.0 21

“Time dependency in inhibition was not observed during the assay.

Example 37: Titration of Pancreatic Elastase by
MeOSuc-AlaAlaPro-Boroala-Diethanolamine

Pancreatic elastase, obtained from commercial
sources, was standardized by titration with varying
concentrations of the above inhibitor. In these experi-
ments, MeQOSuc-AlaAlaPro-Boroala-diethanolamine
was incubated with pancreatic elastase (1.25 upg), In
0.200 mL of 0.10M Hepes buffer, pH 7.5, containing
0.50M NaC(Cl and 10% dimethylsulfoxide, for 5 minutes
at room temperature. An aliquot (0.100 mL) was re-
moved and assayed by the procedure described in Ex-
ample 36, above.

Results are set forth in Table 5, below:

TABLE 5

Titration of Pancreatic Elastase by
MeQSuc—AlaAlaPro—Boroala—Diethanolamine

Conc. of
Inhibttor (nM) To Activity
0 100
25 80.6
50 61.8
75 42.6
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TABLE 5-continued

Titration of Pancreatic Elastase by
MeOSuc—AlaAlaPro—Boroala—Diethanolamine

Conc. of
Inhibitor (nM) %0 Activity
100 34.4

The activity observed in mixtures without mnhibitor
was 0.0170 min—1. A plot of % activity vs. concentra-
tion of 4 using 0-75 nM concentrations can be described
by y=—0.765 nM—1x +100.2. The molar concentra-
tion of enzyme, determined from the intercept of the
x-axis, is 130 nM. Using a molecular weight of 25,900
for elastase, the measured concentration of active en-
zyme is 3.37 uwg/ml. The concentration of active en-
zyme initially used was 6.25 ug/mlL, indicating an en-
zyme percentage activity of 54%. The manufacturer
lists the preparation as 87% protein but does not specitfy
the level of active enzyme present.

Example 38: Inhibition of Cathepsin G

A preparation of partially purified human Cathepsin
G was obtained by the procedure of Baugh, et al., Bio-
chemistry 15:836 (1976). Leukocytes were lysed and
granules were isolated. The leukocyte granules were
extracted with 0.20M sodium acetate, pH 4.0, and ex-
tracts were dialyzed against 0.05M Tris buffer, pH 8.0
containing 0.05M NaCl overnight at 4°. A protein frac-
tion precipitated during dialysis and was isolated by
centrifugation. This fraction contained most of the
chymotrypsin-like activity of leukocyte granules.

Leukocyte granules are a major source for the prepa-
ration of leukocyte elastase and cathepsin G (Cchymotry-
sin-like activity). Specific substrates have been prepared
for each enzyme, namely MeOSuc-AlaAlaProVal-p-
nitroanilide and Suc-AlaAlaPro-Phe-p-nitroanilide.
The latter is not hydrolyzed by leukocyte elastase and 1s
one of the better substrates for cathepsin G, according
to Nakajima, et al., J. Biol. Chem. 254:4027 (1979), and
accordingly, was used in the studies reported herein.

Enzyme preparations were assayed in 2.00 mL of
0.10M Hepes buffer, pH 7.5, containing 0.50M NaCl,
109 dimethylsulfoxide and 0.0020M Suc-AlaAlaPro-
Phe-p-nitroanilide as a substrate. Hydrolysis of the p-
nitroanilide substrate was monitored at 405 nm and at
25° C. Results are set forth in Table 6, below:

TABLE 6

Inhibition of Cathepsin G
(Leukocyte Chymotrypsin-Like
Protease Preparation}

Activity

Inhibitor Conc (M) 7% of Control?
MeQSuc—AlaAlaPro— 2.0 X 10—7 00
Borophe—OH

(Preparation A) 2.0 x 10—8 455
MeOSuc—AlaAlaPro— 2.0 X 107 116
Borophe—QOH

(Preparation B)

MeQOSuc—AlaAlaPro— 1.0 x 10—+ 74
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TABLE 6-continued

Inhibition of Cathepsin G
(Leukocyte Chymotrypsin-Like
Proiease Preparation)

Activity

Inhibitor % of Control“

Boroval—QH

Conc (M)

“Contro! mixtures exhibit an activity of 0.0086 min—!. No time dependence 1n
inhibition was detected.

bPrEparatiﬂns A and B of this inhibitor are believed to refiect differences in degree 10

of resolution of D and L diastereomers, resuiting in differences in inhibitory capac-
ity.

Example 39: Inhibition of a-Chymotrypsin

Bovine a-chymotrypsin, obtained from commercial 13
sources, was used to prepare stock solutions. Assay
mixtures contained, in a volume of 2.00 mL, 0.10M
Hepes buffer, pH 7.5; 0.50M NaCl; 10% dimethylsulf-
oxide; 2.0X10—*M Suc-AlaAlaPro-Phe-p-nitroanilide
as substrate, and various concentrations of inhibitors.
Reactions were initiated by the addition of 0.040 ug of
enzyme and increases in absorbance were monitored

spectrophotometrically at 405 nm at 25°. Results are set
forth in Table 7, below:

TABLE 7

Inhibition of a-Chymotrypsin

20

25

Time Activity
Inhibitor Conc (nM) (min) % of Control
MeOSuc—Ala—Ala— 10 0.5 61 30
Pro—Borophe—OH 2 36
(Preparation A) ' 4 17
MeOSuc—AlaAla— 50,000 N.T¢ 44
Pro—Boroala—OH
MeOSuc—AlaAla— 25,000 N. T 55
Pro—Boroval—QOH 35
MeQOSuc—AlaAla— 100 N.T 35
Pro—Borophe—QOH
(Preparation B)?
Boc—Phe—Pro— 100 N.T 69

Borophe—pinacol

“N.T. No detectable time dependence in the degree of inhibition was observed 40

during the 3-4 min assay time.

“Preparations A and B of this inhibitor are believed to reflect differences in degree

of resolution of D and L diastereomers, thus accounting for differences in observed
inhibitory capacity.

- | . : : : 43
Example 40: Trituration of a-Chymotrypsin with

MeOSuc-AlaAlaPro-Borophe-Diethanolamine

In these experiments, a-chymotrypsin, obtained from
commercial sources, was standardized by titration with
various concentrations of MeOSuc-AlaAlaPro-
Borophe-diethanolamine. In each case, enzyme was
incubated with inhibitor for 5 minutes at 23°, in 0.01M
Hepes buffer, pH 7.5, containing 0.50M NaCl and 10%
dimethylsulfoxide. Aliquots were then removed and

assayed for enzyme activity. Results are set forth in 55
‘Tables & and 9, below:

TABLE 8

Titration of a-Chymotrypsin (3 ug/mL)
by MeOSuc—AlaAla—Pro—Borophe—Diethanolamine

50

in the 0-100 nM range 00
Conc. of
Inhibitor (nM) 9% Activity
0 100
25 68.2
30 52.3
75 31.8
100 18.2

W

65
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As indicated in Table 7, assays were linear except for
those measured at the 75 nM and 100 nM levels, in
which slow activation was observed in assay cuvettes.
A plot of activity versus inhibitor concentration for the
remaining points is described by y=-—0.882
nM—1X496.15. The intercept on the x-axis is 109 nM.
The measured level of active enzyme is 2.72 pg/mL,
compared with the initial level of 3.0 ug/mL, indicating
91% purity by this criteria.

TABLE 9

Titration of a-Chymotrypsin (15 pg/mlL)
by MeOSuc—AlaAla—Pro-~Borophe—Diethanolamine
in the 0-500 nM range

Conc. of
Inhibitor (nM) To Activity
¢ 100

50 93.8
100 80.4
200 65.1
300 47.9
400 31.6
500 15.3

Activity of the control sample, above, was 0.0261
min—!. All assays were linear, except for some slow
activation observed at 500 nM and 400 nM levels of
inhibitor. A plot of activity versus inhibitor concentra-
tion was linear level and is described by y=—0.173
nM~—1X+100. The graph intercepted the x-axis at 578
nM. The level of active enzyme thus calculated using a
molecular weight of 25,000 is 14.4 ug/mL (activity
96%).

Example 41: Inhibition of Pepsin

Pepsin activity was assayed by a procedure substan-
tially similar to that described by Rich, et al., Biochem.
Pharmac. 29:2205 (1980). Substrate, H-PheGlyHisPhe(-

- NO7)PheAlaPhe-OCH3.2 trifluoroacetate, and porcine

pepsin were obtained from commercial sources.

Assay solutions, in a volume of 2.00 mL, contained
2.0 X 10—4M substrate in 0.040M sodium formate buffer,
pH 4.0, and 0.050 mL of inhibitor solutions in dimethyl-
sulfoxide. Assays were initiated by addition of 0.020 mL
of pepsin (0.10 mg/mL), and hydrolysis of substrate was
monitored by measuring the increase in absorbance at

310 nm on a spectrophotometer. The results are set
forth in Table 10, below: |

TABLE 10

Inhibition of Pepsin (Acid Protease) by
Peptides Containing an a-Aminoboronic Acid

Inhibitor Conc. (M) % Activity?
Z—Phe—Gly—Ala— 2.5 x 10—4 58
Boroleu—QH 5.0 x 104 28
Z—Phe—Gly—Ala— 2.5 x 10—4 58
Boroleu—pinacol 5.0 x 10—4 35
Boc—Phe—Gly— 50 x 10— 68
Boroleu—pinacol

Boc—Phe—Gly— 50 X 10—% 71
Boroleu-—diethanol-

amine

H—Phe—Gly— 50 x 10—*4 69
Boroleu—pinacol

MeOSuc—Ala—Ala— 5.0 x 10—4 98
Pro—Boroval-—QH

MeOSuc—Ala—Ala— 50 x 10—4 86
Pro—Borophe—QH

Boc—Ala-——Boroala— 50 x 10—4 90
pinacol

Boc—Ala—Boroala— 5.0 X 10—4 &5
diethanolamine -

Boc—Gly—Boroleu— 5.0 x 10—4 87
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TABLE 10-continued

Inhibition of Pepsin (Acid Protease) by
Peptides Containing an a-Aminoboronic Acid

Inhibitor Conc. (M) %o Activity?
pinacol

Boc—Gly—Boroleu— 5.0 x 10— 90
diethanolamine

9The activity of the control was 0.0027 min—".

Example 42: Inhibition of Thermolysin

The metalloenzyme thermolysin was assayed by a
procedure substantially similar to that described by
Feder et al.,, Biochemistry 9:2784 (1970). Substrate,
furylacryloyl-glycyl-leucinamide, and thermolysin
were obtained from commercial sources. Assay solu-
tions consisted of furylacryloyl-glycyl-leucinamide
(0.100 mL, 8.0 10—3M in N,N-dimethylformamide)
and 1.90 mL of 0.50M Tris buffer, pH 7.5, containing
0.10M NaCl and 0.010M CacCl,. Either 0.100 mL of
dimethylsulfoxide or 0.100 mL of dimethylsulfoxide
containing inhibitor was added and the reaction was
initiated by the addition of 0.020 mL. of thermolysin (1.0
mg/mL). The rate of hydrolysis was monitored by
measuring the decrease in absorbance at 345 nm. Results
are set forth in Table 11, below:

TABLE 11

Inhibition of Thermolysin (Metallo Protease)
__by Peptides Containing a-Aminoboronic Acids

Inhibitor Conc. (M) % Activity?
Z—Phe—Gly—Ala— 2.5 x 104 75
Boroleu—OH 5.0 x 10—4 60
Z—Phe—Gly—Ala— 2.5 x 10—4 76
Boroleu—pinacol 5.0 X 10—4 66
MeOSuc—Ala—Ala— 2.5 x 10—* 58
Pro—Borophe—OH

(Preparation A)?

MeOSuc—Ala—Ala— 2.5 X 10—4 101
Pro—Borophe—QOH 50 X 10— 90
(Preparation B)?

MeQOSuc—Ala—Ala— 5.0 X 10—% 76
Pro—Borophe—pinacol

MeOSuc—Ala—Ala— 5.0 X 10—* 82
Pro—Boroval—OH

Boc—Ala—Boroala— 50 X 10—4 102
pinacol

Boc—Ala—Boroala— 5.0 x 10—4 99
diethanolamine

4The activity of the control ([Inhibitor] = 0) was 0.007625 min—!.
bPreparations A and B are believed to reflect differences in the degree of resolution
of D and L diastereomers, thus accounting for differences in inhibitory capacity.

Example 43: Determination of Plasma Inhibitor
Concentrations

Standardized pancreatic elastase was employed to
titrate plasma samples containing MeOSu-AlaAlaPro-
Boroval-OH by procedures substantially simmilar to
those detailed in Example 37, above, for MeOSu-
AlaAlaPro-Boroala-OH. Plasma, 5 uL,, containing vari-
ous concentrations of inhibitor, or a dilution thereof,
was incubated with 10 pL of a stock solution of
1.15X 10—>M pancreatic elastase, in a final volume of
0.40 mL 0.10M Hepes buffer, pH 7.5, containing 0.5M
NaCl at 25°, After 5 minutes incubation, 1.60 ml. addi-
tional butfer and 20 uL of a 0.20M MeOSuc-AlaAla-
Pro-Val-pNA solution in dimethylsulfoxide was added
and the increase in absorbance at 405 nm monitored.
Levels of inhibitor were determined from a standard
curve of % activity vs. inhibitor concentration.
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The standard curve was prepared by enzyme assays
conducted using samples containing various concentra-
tions of inhibitor in normal saline. A similar standard

curve was prepared by incubating varying concentra-
tions of inhibitor in hamster plasma to establish the

validity of the assay. The results of these experiments
are set forth in Table 12, below:

TABLE 12

Standard Curves for Determination of
MeOSuc—AlaAlaPro—Boroval——OH in Plasma

Conc. of Activity Activity in
Inhibitor in Saline Plasma
(LM) (% of Control) (% of Control)
0 100 65
10 85 49
20 67 32
40 45 17
30 13 e

For the samples containing inhibitor in saline, a plot of
activity vs. concentration was linear for the range of
0-20 uM, and is described by the line y=-—1.65
uM—1x+100.5. The x intercept thus determined was
60.9 uM. For a 1:1 complex of inhibitor and enzyme a
value of 23 uM is predicted. This deviation 1s believed
to be due to the fact that the inhibitor employed was an
unresolved mixture of diastereomers.

For samples containing inhibitor in plasma, a plot of
activity vs. concentration was linear for the range of
0-20 uM, and is described by the line y=—1.63
uM=1x4-65.2. The approximate 35% inhibition ob-
served in plasma samples containing no inhibitor is at-
tributable to plasma elastase inhibitors and 1s referred to
as normal elastase inhibitory capacity (EIC).

The stability of inhibitory capacity provided by
MeOSuc-AlaAlaPro-Boroval-OH in plasma was deter-
mined by incubating samples of plasma containing in-
hibitor at 4° for 24 hours, followed by assays for inhibi-
tory capacity conducted as above. In a related experi-
ment, MeOSu-AlaAlaPro-Boroval-pinacol was incu-
bated with plasma samples for 24 hours at 23°, with no
detectable loss of inhibitory capacity. It should be noted
that the pinacol-protected form of the foregoing com-
pound is hydrolyzed to the free acid within 20 minutes
in plasma. The results of the experiments involving
MeOSuc-AlaAlaPro-Boroval-OH are set forth in Table
13, below:

TABLE 13

Stability of Inhibitory Capacity of
MeOSuc—AlaAlaPro—Boroval—OH in Plasma

_ %0 Activity
t = O hr.

t = 48 hr.
Control 100 100
Plasma 63 65
Plasma + Inhibitor 18.5 17

FIG. 1 illustrates results of experiments in which
hamsters, 50 days old, weighing 80-90 g, were adminis-
tered MeOSu-AlaAlaPro-Boroval-pinacol in 1.0 mL
saline at intraperitoneal dosage levels of 400, 200 and
100 mg/kg. At the indicated time intervals, blood sam-
ples (50-100 ul.) were withdrawn by cardiac puncture
from animals lightly anesthetized with ether, and elas-
tase inhibitor levels determined. Normal plasma EIC 1s
14 uM. As indicated in FIG. 1, a 200 mg/kg dose ele-
vated plasma EIC approximately 20-fold after one hour.
In other experiments, variations in the level of plasma
EIC elevation have been observed, but in each case, at
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least 10-fold elevation was attained. Subcutaneous ad-
ministration of this compound at 130-150 mg/kg re-
sulted in an approximate 10-fold elevation in EIC after
one hour which decreased to about 4-fold after 2 hours.
For intramuscular injection at 200 mg/kg, a 10-fold
elevation in EIC was observed after 30 minutes, which
decreased to 6-fold after one hour.

F1G. 2 illustrates results of a related series of experi-
ments, in which hamsters 73 days old, weighing
100-120 g were administered MeOSuc-AlaAlaPro-
Boroala-pinacol at a dosage level of 200 mg/kg. Plasma
samples were withdrawn at various time intervals and
assayed for inhibitory capacity as described previously,
extent that the inhibitor emploved in construction of a
standard curve was incubated in 0.10M sodium phos-
phate buffer, pH 7.5, for one hour prior to assay to
convert the pinacol derivative to the free form. The line
describing the standard curve is y=-—2.29
uM—1x+ 104, Levels of inhibitory capacity were deter-
mined by reference to the linear region (0-20 uM inhibi-
tor) of the standard curve. Results are depicted in FIG.
2.

FIG. 3 depicts the results of experiments in which
plasma levels of MeOSuc-AlaAlaPro-Borophe-pinacol
were determined at various times following administra-
tion to hamsters weighing 110-125 g, at a dosage level
of 200 mg/kg. Plasma levels were determined by a
procedure similar to that described for FIG. 2, above,
except chymotrypsin was employed in the assay.
Plasma or an appropriate dilution (5 pnl) was added to
a solution consisting of 175 wL. 0.10M Hepes buffer, pH
1.5, containing 0.50M NaCl and 30 pl. chymotrypsin
(4.0 uM) in 1.0 mM HCI. After incubation for 5 minutes
at about 23°, a 40 uL aliquot was assayed by the proce-
dure described previously for chymotrypsin (Example
39). Plasma concentrations of the test compound were
determined from a standard curve of percent activity
vs. concentration of MeOSuc-AlaAlaPro-Borophe-
pinacol in a 5 ulL sample. As previously described for
MeOSuc-AlaAlaPro-Boroala-pinacol, the standard
curve was prepared by first incubating the inhibitor, in
pinacol form, in 0.10M sodium phosphate buffer, pH
7.5. The standard curve is described by the line
y=--199 uM—1x4-96.2, and the region from 0-25 pM
was used to determine plasma concentrations.

Toxicity Studies

To evaluate the potential for CNS toxicity of the
compounds of the invention, male CF; mice were fasted
overnight and then administered MeOSuc-AlaAlaPro-
- Boroval-pinacol in saline, intravenously at dosage levels
of 180 mg/kg, 90 mg/kg, 45 mg/kg, and 0 mg/kg. Five
mice were included in each dosage group. The test mice
were observed continuously for 90 minutes following
administration of the test compound, and again at 18

and 24 hours after administration. No mortality, behav-

1oral changes, or other symptoms of acute toxicity were
observed during the test period.

What 1s claimed is:

1. A compound of the formula

QY!
/
RI—[(A%),(AD(AD)]—NHCH~—B :

N\

- R? QY2

OrT a phjfsiologically_ acceptable salt thereof, wherein
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Alis an amino acid of L-configuration selected from
the group consisting of Ala, Pro, Gly, Glu, Leu,
Lys, Phe, Ser, Val, Ile, Arg, Tyr, Thr, Asp, Asn or
Gln:

AZ and A3 are, independently, amino acids of D or

- L-configuration selected from the group consisting
of Ala, Arg, Asn, Asp, Cys, Gln, Glu, Gly, His, Ile,
Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr or Val:

nis 1l and ois 0 or i;

Rlis —H or an N-terminal protecting group:

RZis an alkyl group of one to six carbons, optionally
comprising an aromatic substituent, or one or more
in-chain bivalent groups selected from the group
consisting of —Q— —CO—, —S—, —NH—,
—CONH—, —-CH=—=CH—~— or —S0O3-~: and

Y! and Y? are each —H, or taken together form a
moiety derived from a dihydroxy compound hav-
Ing at least two hydroxy groups separated by at
least two connecting atoms in a chain or ring, said
cham or ring comprising carbon atoms, and option-
ally, a heteroatom or heteroatoms which can be N,
S, or O; with the proviso that where is O, Rl cannot
be —H.

2. A compound according to claim 1 wherein Al is

Ala, Pro, Gly, Glu, Leu, Lys, Phe or Ser: and o is 1.

3. A compound according to claim 2 wherein R2 is

— CH3, —CH(CHj3), —CH3CH(CH3);, —CH(CH3)CH>CHj3 or
—CH»

4. A compound according to claim 3 wherein R! is
MeOSuc, Suc, Boc, Z, Ac or Bz.

5. A compound according to claim 4 wherein Y! and
Y2 are each —H, or a moiety derived from pinacol or
diethanolamine.

6. A compound according to claim 5 wherein Al is
Pro, Ala, Leu, Lys, Gly or Ser. |

7. A compound according to claim 6 wherein A2 and
A3 are, independently, Ala, Pro, Gly, Phe, or Lys.

8. A compound according to claim 7 wherein Al is
Pro; and A2 and A3 are each Ala. - |

9. A compound according to claim 8 wherein R2 is
—CH(CH3)s.

10. A compound according to claim 8 wherein R2? is
—~CH3.

11. A compound according to claim 8 wherein R2 is
—CHy;CH(CH3)». |

12. A compound according to claim 8 wherein R2 is
— CH(CH3)CH,CHj.

13. A compound according to claim 8 wherein R2is

—CH»

14, A compound according to claim 9 wherein R is
MeOSuc.

- 15. A compound according to claim 14 wherein Y!
and Y? are each —H.

16. A composition for inhibiting proteolysis in 2 mam-

mal, comprising an amount of a compound of claim 1
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effective to inhibit proteolysis, and a physiologically comprising administering to the mammal & composition
acceptable carrier or diluent. of claim 16.

17. A composition for inhibiting proteolysis in a mam-
mal, comprising an amount of a compound of claim 3
effective to inhibit proteolysis, and a physiologically
‘acceptable carrier or diluent. of claim 17.

18. A method of inhibiting proteolysis in a mammal, ¥ Oo% ox kX

19. A method of inhibiting proteolysis in 2 mammal,
s comprising administering to the mammal a composition
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